Since the introduction of coronary care units in the 1960s, a considerable portion of the clinical literature dealing with acute myocardial infarction (MI) has addressed the concept of lidocaine prophylaxis against primary ventricular fibrillation (VF). Recommendations for the prophylactic use of lidocaine have evolved in three broad stages: 1) an initial proposal that individuals with "warning" ventricular arrhythmias required treatment with lidocaine in a prophylactic fashion to prevent primary VF, ' 2) expansion of the profile of patients to be treated prophylactically to include all individuals with known or suspected acute MI because warning arrhythmias were shown to have limited predictive value in identifying patients at risk for primary VF,34 3 ) a proposal that patients be targeted for lidocaine prophylaxis based on epidemiological markers of increased risk for primary VF other than warning arrhythmias (e.g., age less than 70 years, admission to the coronary care unit within [6] [7] [8] [9] [10] [11] [12] hours of the onset of chest pain, and high clinical index of suspicion of an MI actually having occurred).S To investigate the efficacy and safety of prophylactic lidocaine, a number of randomized control trials (RCTs) have been performed over the last two decades.
A recent meta-analysis has confirmed that lidocaine administration is associated with a statistically significant 35% reduction in the incidence of VF in comparison with the control group (relative risk, 0.65).6 However, two independent meta-analyses have observed that the pooled data for lidocaine-treated patients demonstrate a trend toward increased total mortality compared with control patients, possibly because of an excess of fatal bradycardic or asystolic arrests in the lidocaine groups.6'7 This trend toward excess mortality in lidocaine-treated patients persists even when the meta-analysis is restricted only to those RCTs that specifically excluded patients with congestive heart failure or cardiogenic shock before randomization (unpublished observation). Thus, although lidocaine may serve to prevent VF, it may also predispose the patient to bradycardia and asystole because of excess slowing of conduction, especially in the setting of ischemia. If the risks of bradycardia and asystole are greater than the risk of VF, one would anticipate an excess mortality in patients treated with lidocaine despite the fact that VF may occur less frequently in the treated group. Dramatic improvements in the general care of acute MI patients have occurred since the 1960s. These interventions, largely of a pharmacotherapeutic nature (e.g., /3-blockers, aspirin, anticoagulants, nitrates, thrombolytic agents), have led to a reduction in the short-term mortality associated with acute MI. The mechanisms of the reduction in mortality remain speculative but include such possibilities as limitation of infarct size, a decrease in the number of recurrent myocardial ischemic episodes, and reduction in the incidence of potentially lethal ventricular arrhythmias. 8 
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In light of the meta-analytic results indicating that prophylactic lidocaine therapy is associated with a reduction in the risk of primary VF but possibly at the cost of increased total mortality, it seems important to reevaluate the risk: benefit ratio of lidocaine prophylaxis in the present coronary care era, when numerous other drug interventions are used concurrently. The RCTs of lidocaine prophylaxis against primary VF afford an excellent opportunity to perform such an analysis because these trials span two decades of coronary care medicine. The purposes of the present investigation were to track the incidence of primary VF in the control and lidocainetreated groups in the RCTs of lidocaine prophylaxis against primary VF in acute MI, with particular emphasis being placed on the time frame of the randomized trial and to estimate the number of patients who must now receive lidocaine to prevent one episode of VF. Methods
Selection of Trials for Review and Acquisition of Data
To identify all RCTs of lidocaine prophylaxis against primary VF in acute MI, the English and non-English language literature were searched from 1966 to 1990 using the MEDLINE data bases of the National Library of Medicine. Additional sources included references from studies identified in the above searches and the reference lists of several large meta-analyses dealing with this topic.6'7,9 The criteria for inclusion of an RCT in this review were: 1) patients with known or suspected acute MI were randomized to lidocaine or control treatment groups; 2) the trial followed patients longitudinally to assess the efficacy of lidocaine in preventing primary VF, and these data were available in a form that permitted calculation of the percent of patients remaining free of VIF during the course of the trial; 3) the minimum follow-up time was 1 hour after randomization; 4) lidocaine was the only permissible antiarrhythmic agent that was administered prophylactically.
The following data were extracted from each RCT included in this report and later coded as potential predictor variables for regression analysis: year of publication of the RCT, method of data analysis used in the RCT (intention to treat versus exclusion of randomized patients if acute MI was not confirmed), route of administration of lidocaine (intramuscular versus intravenous), technique of lidocaine administration (single dose versus maintenance infusion), duration of monitoring for VF after randomization, and a statement by the investigators indicating whether patients were excluded if congestive heart failure/cardiogenic shock, ventricular tachycardia/VF, or bradycardia/atrioventricular block was present before randomization. For each RCT, the number of patients allocated to the lidocaine and control groups was noted along with the number of patients in each group who experienced at least one episode of primary VF during the monitoring period of the trial. No special effort was made to contact the original investigators of the RCTs.
Statistical Analyses
The data were entered into a SYSTAT file for various computations. The analytic methods used in this investigation included the generation of univariate and multivariate logistic regression models (LOGIT, Salford Systems, San Diego, Calif.) predicting the proportion of patients experiencing VF in the control and lidocaine groups, based on the predictor variables retrieved from the RCTs.10'11 Because lidocaine prophylaxis to prevent one episode of primary VF in 1990.13 This calculation was based on the univariate logistic regression model with year as the predictor variable and was performed as follows:
Number of patients= 100 % VF control-% VF lidocaine where % VF control equals predicted percent of patients experiencing VF in the control group in 1990 and % VF lidocaine equals predicted percent of patients experiencing VF in the lidocaine group in 1990.
We used the Wilcoxon rank sum procedure for independent samples to examine the data for any association between year of publication of the RCT and dichotomous study characteristics to evaluate the potential for multicollinearity problems in logistic regression models. For example, the average year of publication for RCTs using intramuscular lidocaine was compared with that for RCTs using intravenous lidocaine. The association between year of publication and duration of monitoring for VF was assessed using Spearman's p, a rank-based correlation statistic. The tests noted above were considered important because severe multicollinearity in the predictor variables is well known to cause problems in the estimation of regression models.11"14 In general, problems of collinearity are manifested by extraordinarily large estimated standard errors and sometimes by unduly large estimated coefficients as well.'0 To assess the trend over time in the relative benefit of lidocaine treatment in reducing VF, a weighted leastsquares regression was performed with the natural logarithm (In) of the within-study odds ratio (OR) as the outcome variable. The weight assigned to each lnOR was the inverse of its variance. A predicted value of the inOR for a theoretical RCT conducted in 1990 was also calculated. With a relatively rare occurrence such as primary VF in acute MI, the OR is an accurate estimate of the relative risk of VF in the treated compared with the untreated group. This analysis, which preserves the randomization within each study, also allowed us to validate the calculation of the number of patients needing treatment to prevent one episode of VE.
Results were considered statistically significant when associated with a probability value of less than 0.05.
Results
Twenty RCTs were initially identified,'5-34 but two were excluded because they provided data only on the number of deaths in the control and lidocaine-treated groups but not on the number of episodes of VF. 26, 33 The characteristics of the 18 RCTs included for analysis are summarized in Table 1 . Only one RCT specifically investigated the benefits of lidocaine prophylaxis in the prehospital phase of acute MI,32 whereas the other 17 studied patients after arrival in the hospital with treatment initiated either in the emergency room or in the coronary care unit. The RCTs were published over a span of 19 years and were nearly equally divided between those that analyzed patients on an intention-totreat method and those that only analyzed data on patients in whom an acute MI was confirmed. About three fourths of the RCTs included an intravenous route of lidocaine administration (72%), and two thirds incorporated a maintenance phase of lidocaine therapy in the treatment regimen. Over 80% of the RCTs excluded patients with left ventricular failure/cardiogenic shock or ventricular tachycardia/VF before randomization; two thirds excluded patients with bradycardia/atrioventricular block before randomization. In 10 of 18 RCTs (56%), there was a concordant pattern in all three of the exclusion criteria, and the remaining eight RCTs were concordant in at least two of the three exclusion criteria listed in Table 1 .
Important associations were detected between the year of publication of the RCT and several of the other predictor variables. RCTs conducted more recently had a greater tendency to use an intention-to-treat method of data analysis compared with exclusion of patients in whom an MI was not confirmed (p=0.03), to use only a single dose of lidocaine versus a maintenance infusion (p=0.006), to use only an intramuscular route of lidocaine administration (p=0.03), and to have a shorter duration of monitoring for VF (p=0.02). Other sources of multicollinearity were evident as well. With one exception,31 studies that used intravenous delivery of lidocaine included a maintenance dose, and studies using intramuscular lidocaine administered only a single dose of drug. The observations above regarding the concordance of exclusion criteria in the majority of RCTs and significant associations between year of RCT publication and other predictor variables imposed some limitations on attempts to develop logistic regression models using the available data set because of samplebased multicollinearity (overspecification of the model).'1 This produced very large standard errors for the parameter estimates in some of the multivariable models. In extreme cases, models failed to converge on a solution. Nevertheless, in all models that did converge, the coefficient for year of publication of the RCT retained its statistical significance (see below).
The incidence of VF in the control and lidocaine groups for each RCT is shown in Table 2 . There was a general trend toward a smaller percentage of patients experiencing VF in both the control and lidocaine groups in RCTs conducted more recently.
Control Group
The results of the univariate logistic regression analyses for prediction of the development of VF in the control group are summarized on the left side of Table  3 . Because the route of administration and dosing pattern for lidocaine would not be anticipated to be predictive of the probability of VF in the control group, these two variables were not assessed in any logistic regression models. Year of publication of the RCT was strongly predictive of the development of VF (x2df 1= 42.47, p<0.001). Other variables that were significantly predictive of the development of VF were the method of data analysis in the RCT (X'df 1=29.65, p<0.001), the duration of monitoring for VF (X'df 1=39.95, p<0.001), and exclusion of patients with a history of congestive heart failure/cardiogenic shock before randomization (X 'df 1=5.76,p=0.02).
Multivariate logistic regression models were constructed to examine the ability of each of the independent variables to predict the proportion of patients experiencing VF in the control group after adjusting for the year of publication of the RCT ( . In all multivariate models tested, including stepwise logistic regression, the year of publication of the RCT remained highly predictive of the development of VF in the control group. In Table 5 , results of two models including both year of publication and a single additional variable demonstrate that year remains an important predictor even after adjustment for length of monitoring or method of data analysis (intention to treat versus proven acute MI only).
Using the unadjusted parameter estimate for year of publication of the RCT from the univariate logistic regression model with that variable and applying a range of values corresponding to the years 1969-1990, the predicted percent of patients experiencing VF was calculated along with its 95% confidence intervals and is depicted in Figure 1A . There was a decline in the percent of patients estimated to experience VF in the control group from 4.51% (3.16%, 6 .40%) in 1970 to 0.35% (0.14%, 0.86%) in 1990.
Lidocaine Group
The results of the univariate logistic regression analyses for prediction of the development of VF in the lidocaine group are summarized on the right side of Table 3 . Year of publication of the RCT was again strongly predictive of the development of VF (X2df 1= 64.79, p<0.001). All other variables with the exception of exclusion for ventricular tachycardia/VF before randomization were significantly predictive of the development of VF when examined in a univariate logistic regression model.
Multivariate logistic regression models were constructed to examine the ability of each of the independent variables to predict the proportion of patients experiencing VF in the lidocaine group after adjusting for the year of publication of the RCT (Table 4) . None of the other variables were significantly predictive of VF in the lidocaine group. In a forward stepwise logistic regression model (p=O.O5 to enter and p=0.05 to remain in model), once again only the year of publication of the RCT was identified as a significant predictor of VF (p<0.0001). As with the control group data, in all multivariate models tested including stepwise logistic regression, the year of publication of the RCT remained highly predictive of the development of VF in the lidocaine group. Two important examples are presented in Table 5 .
Using the unadjusted parameter estimate for year of publication of the RCT, the predicted percent of patients experiencing VF in the lidocaine group was calculated along with its 95% confidence interval in a manner similar to that for the control group ( Figure  1B ). There was a decline in the percent of patients 
Discussion
Our results indicate an important relation between the year of publication of RCTs of lidocaine prophylaxis and the predicted incidence of primary VF in both the control and lidocaine-treated groups. This relation remained significant even after adjusting the predictor variable, year, for each of the other covariates. Although not precisely equivalent to the year(s) of enrollment of patients into an RCT, the year of publication of the RCT was selected because it allowed a single value to be applied for each RCT in the logistic regression analyses and was considered reasonably reflective of the general medical practice during the conduct of the RCT.
Reasons for Declining Incidence of VF There are several possible explanations for the observation of a reduced incidence of VF in more recently conducted RCTs as noted below:
1) Application of broader admission criteria and availability of a larger number of coronary care unit beds compared with more restrictive entry criteria for admission to a limited number of coronary care unit beds may have resulted in admission of less critically ill patients with smaller MIs in more recent years. 35 2) Administration of p-blockers to acute infarction patients became an accepted part of coronary care practice progressively over the last two decades.36 In addition, greater use of ,B-blockers for hypertension, angina pectoris, and cardiac arrhythmias over the last 20 years has increased the probability that a patient will enter the coronary care unit in the 1990s already receiving a p-blocker.37 These agents have been shown to reduce the incidence of primary VF in patients with acute MI in several RCTs.3839 It is also possible that f-blockers may help to reduce the tendency to VF by reducing infarct size, episodes of recurrent myocardial ischemia/MI and pain associated with infarction and by reducing the tendency to hypokalemia seen in the first 4 hours after the onset of acute infarction. 40 3) The risk of hypokalemia is probably lower now because of the availability of more effective afterloadreducing regimens (limiting the use of diuretics)8'41 and the now common clinical practice of aggressively correcting low serum potassium levels.42 It is unclear whether recent reports of the benefits of intravenous magnesium administration in reducing the risk of VF in acute infarction are reflected in the more recent RCTs of lidocaine, but if so, more aggressive use of intravenous magnesium may also be playing a role. 43 4) During the years covered by the RCTs analyzed in this report, there has been a decline in ischemic heart disease-related mortality as a result of improvements in lifestyle and medical interventions.37 Although by no means proven, the factors cited above along with the possibility of a more widespread use of anticoagulants, antiplatelet agents, and thrombolytic agents in the more recent RCTs of lidocaine may have resulted in a profile of infarction patients with less global myocardial damage, reduced tendency to hemodynamic derangements, lowered risk of recurrent ischemia/infarction, and a reduced overall tendency to VF.
5) The now commonplace use of intravenous morphine sulfate for pain relief and the introduction of the benzodiazepines and butyrophenones into the pharmacopeia may have resulted in a greater level of sedation and analgesia in patients enrolled in more recently performed RCTs of lidocaine prophylaxis. Because the incidence of VF is decreasing in both the control and lidocaine groups as we now care for MI patients in the 1990s, estimates of the risk:benefit ratio of lidocaine prophylaxis should consider the low VF risk in control patients, the large number who need lidocaine prophylaxis to prevent one episode of VF, and the previously reported trend toward excess mortality in lidocaine-treated patients.67 Our observations support the contention of Ruskin4s that it now appears possible to reduce the risk of VF in the majority of patients (probably because of more widespread use of ,3-blockers and aggressive correction of hypokalemia) while avoiding the potential toxicity of lidocaine that occurs when the drug is used in a blanket prophylactic fashion for all patients.67 The benefits of empirical treatment with magnesium will be tested more formally in the ISIS-4 trial. 46 We propose that clinicians now markedly reduce the use of prophylactic lidocaine in the coronary care unit and eliminate the practice of routinely prescribing the drug simply because a patient is admitted with "rule out MI." In the absence of contraindications, /3-blockers should be used intravenously early after presentation, and electrolyte disturbances should be corrected promptly in all patients.39'42'47 Supplemental protection against primary VF with prophylactic lidocaine should be reserved for settings in which rapid defibrillation is not possible, and even then, probably only for highly selected patients (absence of congestive heart failure or cardiogenic shock, age less than 65 years,548 and presentation within 6 hours of the onset of chest pain5). Because of the rapidly decreasing risk of VF as time elapses from the onset of infarction,'2'49 infusions should be of limited duration (6-12 hours). We hope that using lidocaine in such a more restricted and cost-effective fashion will still be associated with beneficial antiarrhythmic effects, no change in VF-related mortality (because of widespread availability of defibrillators), and a reduced risk of adverse drug effects.6'7'50
The possibility of reperfusion ventricular arrhythmias after thrombolytic therapy has led some investigators to incorporate lidocaine prophylaxis as part of the treatment protocol. This is not a universal practice and deserves further investigation because the precise risks of primary VF in the lytic era of coronary care unit medicine are unclear, especially when ,B-blockers are used aggressively and electrolyte deficits are corrected promptly. Of note, preliminary data on the risk of VF in the control and treatment groups from RCTs of thrombolytic therapy for acute MI do not suggest that the decision to prescribe a thrombolytic agent should affect the threshold for administering lidocaine prophylactically, but additional information is required to answer theless, the data presented in this report are strongly this question more precisely.51-58
